A multidisciplinary approach was followed in the revision of section Jenkinsonia (Sweet) Harv. Besides the morphology, the anatomy of the stems, laminae, petioles, pollen and chromosome numbers were studied in order to delimit the taxa and to determine their relationships. Three species and five subspecies are recognized. Pelargonium antidysentericum (Eckl. & Zeyh .) Kostel. subsp. inerme Scheltema and subsp. zonale Scheltema, as well as P. praemorsum (Andr.) Dietr. subsp. speciosum Scheltema, are described as new taxa. Diagnostic features of the section are the often distinctly jointed stems, simple palmately divided leaves, pyriform-headed glandular hairs, extremely zygomorphic flowers with the posterior two petals much larger than the anterior ones, and seven fertile stamens. It is concluded that section Jenkinsonia is advanced and closely related to section Myrrhidium DC. and some species of section Ligularia (Sweet) Harv.
Introduction
Sweet (1820) described lenkinsonia as a genus characterized by four to five petals, the posterior two being very large with long claws, five to seven fertile stamens, unequal in length and curving upwards. He distinguished only one species , 1. quinata (Sims) Sweet, originally described by Andrews (1801) as Geranium praemorsum Andr. De Candolle (1824) lowered the genus lenkinsonia to section status , and mentioned only one species, P. quinatum Sims , indicating that it had already been described by Andrews as G. praemorsum. De Candolle (1824) also described section Chorisma with a single species, P. tetragonum (L. f.) L'Herit. Ecklon & Zeyher (1835) In the last revision of Pelargonium, Knuth (1912) recognized the same taxa in section lenkinsonia as Harvey with the addition of P. endlicherianum Fenzl from Asia Minor.
The aim of the present investigation was to determine whether section lenkinsonia is a natural taxon and to delimit clearly the taxa within the section . A multidisciplinary approach was followed to achieve these goals. Besides the morphological study accompanied by extensive field work , anatomical, palynological and cytogenetical investigations were undertaken to assess the taxonomic value of these characters . The following taxa are recognized in southern Africa: 1. Pelargonium antidysentericum (Eckl. & Zeyh.) Kostel .
(a) subsp. antidysentericum (b) subsp. inerme Scheltema (c) subsp. zonale Scheltema 2. P. praemorsum (Andr.) Dietr.
(a) subsp. praemorsum (b) subsp. speciosum Scheltema 3. P. tetragonum (L.f.) L'Herit.
Methods and Results

Anatomy of the stems and leaves
The stems and leaves of at least two plants of each taxon from different localities, were studied anatomically (Table 1) . Transverse sections 12-15 f.lm thick of waxembedded stems, petioles and laminae were cut with a Van del ' Walt S.n. (STEU 1619) rotary microtome and stained with Alcian GreenSafranin (Joel 1983) . The sections were made through the third or fourth internode of each stem, the middle part of the petioles, and those of the laminae approximately 7 mm from the apices of the terminal segments. The surfaces of the stems, petioles and laminae were studied with a lEOL lSM-35 scanning electron microscope after they were critical point dried and coated with gold.
Anatomy of the young stems
In transection the young stems are either more or less circular and deeply grooved as in P. antidysentericum subsp. antidysentericum (Figure 1 ), circular and shallowly grooved as in P. antidysentericum subsp . inerme and P. antidysentericum subsp. zonale, circular as in P. praemorsum, or obtusely 4-angled as in P. tetragonum (Figure 2) . In all the taxa the epidermis is uniserial with isodiametric cells, except in P. tetragonum where the cells are rectangular in transection. The epidermis is covered with a cuticle which is very thick in P. tetragonum (ca. 1.5 J-Lm) ( Figure 3 ). P. tetragonum is the only species where the stomata are sunken. Trichomes will be described under the petioles.
In all the taxa the cortex consists of a uniserial, collenchymatous hypodermis and parenchyma which varies between 3 and 9 layers ( Figure 3 ). The extraxylary sclerenchyma is present as a continuous cylinder of (3-)4( -7) cell layers ( Figure 3) .
The vascular bundles are collateral ( Figure 3 ) with quite a large number of peripheral ring bundles (9-16), except in P. tetragonum where there are only four main Tanniniferous cells are present in the cortex and pith of P. antidysentericum subsp. antidysentericum ( Figure  1 ) and P. praemorsum; in the pith of P. antidysentericum subsp. inerme and in the phloem parenchyma and pith of P. antidysentericum subsp. zonale. No tanniniferous cells occur in P. tetragonum (Figure 2) .
Anatomy of the petioles
In transections the petioles are circular (Figure 4 ) in all the taxa, except in P. tetragonum where they are flattened adaxially ( Figure 5 ). The epidermis is uniserial with isodiametric cells, and the stomata are raised in all the taxa ( Figure 5 ).
Non-glandular and glandular hairs occur in all the taxa except P. tetragonum. The non-glandular hairs are unicellular ( Figure 6 ). Two types of glandular hairs with a multicellular stalk and a unicellular head are present. One type of glandular hair has a more or less spherical head, and in the other type the head is typically pyriform (Figure 6 ).
In all the taxa the hypodermis of the cortex is uniserial and chollenchymatous, and the rest of the cortex consists The extraxylary sclerenchyma cylinder is continuous except in P. praemorsum subsp. praemorsum where sclerenchyma caps occur opposite the vascular bundles. All the taxa have four main peripheral vascular bundles , and a variable number of smaller accesory bundles in between. A single medullary vascular bundle (Figure 4 ) is present in all the taxa except P. tetragonum ( Figure 5 ). 
Anatomy of the laminae
The leaves are dorsiventral (Figure 7 ), except in P. tetragonum where they are isobilateral (Figure 8 ). They are amphistomatous, although there are usually more stomata abaxially than adaxially. The stomata in all the taxa are anomocytic and raised. The trichomes are identical to those of the petioles.
The epidermis is uniserial with the cells of the adaxial epidermis always larger than those of the abaxial epidermis (Figure 7 ), except in P. tetragonum where the cells are of equal size in both the adaxial and abaxial epidermis (Figure 8 ).
The mesophyll consists of a single palisade layer adaxially and several spongy layers abaxially (Figure 7 ), except in P. tetragonum where all the mesophyll cells are sponge-like (Figure 8 ).
The midvein consists of a single collateral bundle. In P. antidysentericum subspp. inerme and zonale the vascular bundle of the midvein is adaxially supported by collenchyma. In all the other taxa the vascular bundle is completely surrounded by thin-walled mesophyll cells (Figures 7 & 8) .
S.-Afr.Tydskr. Plantk., 1990,56(3) 
Pollen morphology
Pollen grains of all taxa were either freshly collected or taken from herbarium specimens. All pollen grains were prepared using the acetolysis method and studied with the light microscope as well as a lEOL lSM-35 scanning electron microscope. At least 10 pollen grains of each taxon were studied and measured.
Shape: The grains are more or less spherical ( Figure  9 ), and the polar diameter is usually slightly larger than the equatorial diameter.
Size (see Table 2 ): The largest pollen grains occur in P. letragonum with an average polar diameter of 105 /-Lm, and an average equatorial diameter of 101 /-Lm. The smallest pollen grains are those of P. antidysentericum subsp. antidysentericum (76 x 73 /-Lm). According to the classification of Erdtman (1969) the pollen grains of the section lenkinsonia can be considered as large.
Exine: The tectum is striate-reticulate in all the taxa ( Figure 9 ). In P. tetragonum the interstices seem to be larger than in the other taxa ( Figure 9B ).
Apertures: The grains are tricolporate and zonotreme S.Afr.J. Bot., 1990, 56(3) ( Figure 9 ). According to the system of Erdtman (1969) they can be classified as NPC 345.
Chrom osome numbers
Root tips of all the taxa were studied using the squash technique described by A lbers & van der Walt (1984) . The somatic chromosome numbers for the different taxa are shown in Table 3 . All the taxa have basic chromosome number of x = 9 except P. tetragonum where it is x = 11. The taxa are diploid except P. antidysentericum subsp. inerme and P. praemorsum subsp. speciosum which are tetraploid.
Taxonomic treat ment
Pelargonium section Jenkinsonia DC., Prodromus 1: 658 (1824); Harv.: 291 (1860); Knuth: 390 (1912 Perennial shrubs, erect or decumbent to trailing, sometimes with a large, partly subterranean tuber, up to 1.5 m high and 2.0 m in diameter. Stems smooth, herbaceous or succulent, terete or sulcate to angular , glabrous or sparsely hirtellous to pubescent , often distinctly jointed and slightly swollen at nodes, green when young, becoming brown with age. Leaves simple borne singly or in clusters of 2-4 on short branchlets, sometimes radical and cauline leaves, sometimes succulent, reniform, cordiform or orbicular; light green to dark green, sometimes zoned, sometimes abaxially flushed with purple; lamina 5(-7)-palmatilobate or 5(-7)-palmatipartite or deeply divided, apices of lobes obtuse or rounded to truncate , very often tridentate , margins irregularly crenate to deeply dentate, sometimes ciliate, base mostly cordately incised, (5-44) X (5-45) mm, glabrous or hirtellous or pubescent , glandular hairs with spherical or pyriform heads; petiole slender, (4-55) mm long, glabrous or hirtellous or pubescent , sometimes persistent, stipules mucronate or subulate, triangular or subtriangular, sometimes persistent as membranous structures or hard recurved spines, 2-7 mm long. Inflorescence: pseudo-umbels or reduced pseudo-umbels 1-20 flowered, peduncle (15-195) mm long, sometimes terminal, involucral bracts 2-4, dry to membranous, usually reflexed. Pedicel (1-15) mm long, indumentum as on peduncle. Hypanthium (10-60) mm long, indumentum usually the same as on pedicel. Sepals usually lanceolate, with dark red streaks along the main veins, (5-13) x (1.5-6) mm. Petals usually 5, sometimes 4, purple or light purple or white or creamcoloured or rose-coloured, posterior two always much larger than anterior three/two, posterior two ovate or obovate or obovate-cuneate to obovate-spathulate or obcordate with long claws, reflexed, sometimes straight, , 1990,56(3) . ( (10-52) x (5-31) mm, anterior three usually spathulate with narrow claws , (10-27) x (2-11) mm, sometimes extremely small. Ovary 5-lobed, oblong-conical , sericeous ; style (5-25) mm long, base variably hairy; stigma with 5 recurved, whorled branches , purple. Stamens 7 fertile , unequal in length , often sharply recurved, filaments usually wine-red , sometimes white , staminodes white , pollen orange .
Diagnostic features
Shrubs or subshrubs , stems often slender and distinctly jointed , leaves simple , palmately divided , glandular hairs with pyriform or spherical heads , stipules often persistent ; flowers extremely zygomorphic , the two posterior petals always much larger than the anterior ones , fertile stamens 7, often sharply recurved .
Key to the species Many-stemmed, aromatic , erect or decumbent , shrub or subshrub with a partly subterranean tuber , up to 1.5 m high and 0.5-2 m in diameter. Stems vimineous , angular , sulcate or cylindrical, not distinctly jointed, herbaceous when young, becoming woody and brown with age , glabrous or sparsely hirtellous . Leaves borne in clusters of 3--4 on short branchlets , light or dark green; lamina reniform, 5(-7)-palmatilobate to 5(-7)-palmatipartite , sometimes zoned , base cordately incised, apices of lobes rounded to truncate , margins irregularly crenate to deeply dentate , (10-17) x (10-20) mm , sparsely hirtellous with many pyriform-headed glandular hairs in between; petiole relatively long and slender , 10-25 mm long; stipules subulate, 1-2.5 mm long , membranous or recurved persistent spines. Inflorescence: pseudo-umbels with 2-5 flowers ; peduncle , 15-20 mm long, borne on short branchlets ; involucral bracts usually 4 , reflexed , membranous when dry. Pedicel 5-10 mm long , with glandular hairs. Hypanthium ca . 10-30 mm long, indumentum as on pedicel. Sepals lanceolate, indumentum abaxial as on hypanthium, green, 5-10 x 1.5-3 mm . Petals 5, light purple to purple or white , with dark purple streaks; posterior two obovate-spathulate with long claws , 10-20 x 5-8 mm, reflexed ; anterior three spathulate with narrow claws , ca. 10-13 x 2--4 mm 291 wide . Fertile stamens straight or recurved, pollen orange. 2n = 18 or 36 . (Figure 10 ) .
A much-branched shrub with a partly subterranean tuber, stems not distinctly jointed, vimineous, erect or decumbent, woody , stipules membranous or recurved persistent spines or membranous, pseudo-umbels 2-5 flowered, petals purplish or white , with dark-purple streaks, flowers from March -May . P. antidysentericum subsp. antidysentericum has been collected on the farm Spitskop in the district of Witputz, South West Africa/Namibia , but its main centre of distribution is in the district of Springbok , Namaqualand. It occurs as far south as the Kamiesberg near Kamieskroon ( Figure 11 ). The entire area is characterized by dry and hot summers, with scanty rain during the winter months. The average annual rainfall of Springbok is less than 200 mm , and that of Kamieskroon 300 mm . This subspecies, however, grows in a mountainous habitat where the rainfall is higher. It is always found on the southern to south-western slopes of mountains or koppies .
Subsp. antidysentericum sheds its leaves during spring (August to October), it flowers in autumn (March to May), and the new leaves appear just after the flowers. (Figure 12 ).
Subsp. inerme has a more southerly distribution than subsp. antidysentericum and has been collected in the districts of Loeriesfontein, Calvinia, Nieuwoudtville as well as in the Ceres-Karoo (Figure 11 ). The habitat of subsp. inerme is even drier and hotter than that of the subsp. antidysentericum although it is also found on the southern to south-western slopes of mountains or koppies.
This subspecies also sheds its leaves during spring and it flowers in autumn . (Figure 13 ).
Specimens examined
Subsp. zonale has a very limited and localized distribution, being known from the district of Steinkopf only (Figure 11 ). The habitat of this subspecies corresponds more or less to that of the subspp. antidysentericum and inerme. It grows on the western to southwestern slopes of low koppies amongst ferruginous quartzite of the Nama Group near the Steinkopf fault zone, in full sun. The habitat of the known localities are specific in that no soil is visible between the quartzite. The soil beneath the quartzite, however, is red, sandy and the subspecies is associated with Euphorbia mauritanica L., Tylecodon wallichii (Harv.) Tolken, Galenia african a L. and Pteronia incana (Burm.) DC.
Subsp. zonale flowers in summer from February to April and the new leaves appear just after the flowers. During field work at Besondermeid near Steinkopf, it was found that a bee (family Bombyllidae) is most probably responsible for pollination in this subspecies. Much-branched, erect subshrub up to 1.0 m high and 0.5 m in diameter. Stems flexuose, distinctly jointed , herbaceous, becoming shiny light-brown to brown with age, sparsely to densely hirtellous. Leaves borne singly or in clusters of 2-4, light or dark green; lamina 5-palmatipartite or deeply divided, segments often coarsely tridentate, margins entire, (5-35) x (5-38) mm, sparsely hirtellous to densely pubescent with many glandular hairs in between ; petiole slender, (4-40) mm long, basal part usually persistent, indumentum as on lamina; stipules subulate, 2-7 mm long, persistent. Inflorescence: reduced pseudo-umbels with 1 or 2 relatively large , zygomorphic flowers; peduncle (30-195) mm long ; involucra I bracts 2 or 4, usually reflexed, membranous and hard when dry. Pedicel usually relatively short, 2-15 mm long, sparsely hirtellous with many glandular hairs. Hypanthium (9-40) mm long, indumentum as on pedicel. Sepals lanceolate, indumentum abaxial as on hypanthium, green, ca . 21 x 3-6 mm. Petals 4 (5), posterior two cream with wine-red or dark purple streaks, ovate to obovate, with long or short claws, (27-38) x (18-31) mm; anterior two or three cream or light purple to pink with streaks, ovate with narrow claws, (12-18) x 6-9 mm, reflexed. Fertile stamens sharply recurved. 2n = 18 or 36 . (Figure 14) .
Diagnostic features
A much-branched erect subshrub, stems flexuose, distinctly jointed; laminae 5-palmatipartite, basal part of petioles usually persistent, stipules persistent; pseudoumbels 1-or 2-flowered, anterior petals cream or light purple to pink, fertile stamens sharply recurved. Geranium quinatum (Sims) Poiret: 758 (1811).
S.-Afr. Tydskr. Plantk., 1990,56(3) Figure 15 Geographical distribution of P. praemorsum .
• subsp. praemorsum; ... subsp. speciosum. P. praemorsum subsp. praemorsum is well represented in Namaqualand and has been collected on the farm Klipfontein in the district of Springbok in the north, to as far south as the district of C1anwilliam, and eastwards in the district of Calvinia (Figure 15 ). The entire area is characterized by dry, hot summers with scanty rain during the winter months. This subspecies often grows in the shelter of rocks or other plants.
P. praemorsum subsp. praemorsum flowers from August to April.
Specimens examined
TYPUS.-Cape Province , 'Helskloof, Die Koei ', 11 August 1979, van laarsveld 4138 (PRE, holotypus! , STEU!, K!, isotypi) .
Subshrub, usually less than 1.0 m high. Stems flexuose, jointed, with shiny light-brown bark, densely hirtellous. Leaves usually borne singly , dark green; lamina reniform, 5-palmatipartite or deeply divided, apices of segments coarsely dentate, 21-35 x 25-38 mm, densely pubescent with few glandular hairs in between abaxially; petiole slender, 20-40 mm long , basal part usually persistent, indumentum as on lamina; stipules rigid, persistent, ca. 2 mm long. Inflorescence: pseudo-umbels 1-2-flowered, peduncle 65-195 mm long , involucral bracts 4, usually sharply reflexed. Pedicel very short, 2-7 mm long. Hypanthium 9-16 mm long, sparsely hirtellous with many glandular hairs in between. Sepals lanceolate, ca. 21 x 4-6 mm. Petals 4; posterior two ovate, cream-coloured with dark purple streaks, lower third usually purple, 27-31 x 18-21 mm, with short claws; anterior two ovate, light purple to pink, 12-]4 x ca. 6 mm with narrow claws, reflexed. 2n = 36. (Figure 16 ).
Subsp. speciosum has a very limited and localized distribution. It occurs mainly in the far north of the Richtersveld (Figure 15 ) in xerophytic succulent veld. It grows in rock crevices and among rocks in direct sunlight on the eastern and lower north-western slopes of koppies and ridges.
This subspecies flowers from August to April. Many-stemmed erect to decumbent shrub, up to 0.5 m high and 2 m in diameter. Stems thin and brittle, distinctly jointed , obtusely 3-or 4-angled, succulent, glabrous. Leaves borne singly, dark green; lamina succulent, cordiform or reniform, 5-palmatifid, often zoned and abaxially often purplish , base cordately incised, apices of lobes rounded, margins crenate, 14-40 x 28-45 mm, glabrous to villous with glandular hairs in between, margin often ciliate; petiole 26-55 mm long , glabrous, sometimes partially persistent; stipules subulate 2-4 mm long, sometimes persistent. Inflorescence: reduced pseudo-umbels with 1 or 2 relatively large , flowers; peduncle ca. 32 mm long; involucra I bracts 4, membranous when dry. Pedicel relatively short, 1-4 mm long. Hypanthium extremely long, 25-60 mm, glabrous. Sepals lanceolate glabrous, green with red streaks along main veins, ca. 10 x 1.5 mm. Petals 4 (5), cream or pink with wine-red streaks; posterior two obovate to obcordate with long claws, 40-52 x ca . 25 mm; anterior two spathulate with long, narrow claws, 25-27 mm x ca. 11 mm. Fertile stamens sharply recurved, considerably longer than the sepals and two anterior petals. 2n = 22. (Figure 17 ).
Diagnostic features
Many-stemmed shrub; stems thin, distinctly jointed, brittle, green, obtusely 3-or 4-angled, succulent; leaves, succulent abaxially often purplish; petals 4(5) cream or pink with wine-red streaks.
Pelargonium tetragonum occurs in a strip parallel to the coast from the Worcester -Caledon districts in the west, to Grahamstown in the east. It has also been collected further inland near Graaff Reinet and Bedford (Figure 18 ). This species is confined to dry habitats, growing on rocky outcrops.
P. tetragonum flowers in the spring and early summer from August to December.
Specimens examined
Discussion and Conclusions
Results of this investigation showed that section lenkinsonia is not characterized by one or two characters, but rather a combination of several characters, namely stems which are often distinctly jointed and mostly not terete; simple palmately divided leaves; the presence of pyriform-headed glandular hairs; the extremely zygomorphic flowers with the posterior two petals much larger than the anterior ones; seven fertile stamens often sharply recurved ; reticulate-striate tectum of the pollen grains; and a basic chromosome number of x = 9 or x = 11. Many of these characters, but especially the extremely zygomorphic flowers, indicate that the section is advanced.
P. tetragonum exhibits many characters atypical of the section. It differs anatomically from the other species in that its leaves are isobilateral and the absence of a medullary vascular bundle in its petioles. The basic chromosome number (x = 11) differs from that of all the other species (x = 9).
Preliminary results of Marschewski (pers. comm.) showed that the flavonoid pattern of P. tetragonum indicates a position between sections lenkinsonia and Myrrhidium DC. The basic chromosome number and chromosome size of P. tetragonum are also identical to those of section Myrrhidium (Gibby et at. in press) .
The floral morphology of section lenkinsonia resembles that of section Myrrhidium (van der Walt & Boucher 1986) , and pyriform-headed glandular hairs occur in both sections. These two sections are, however, delimited from each other by vegetative characters. Section Myrrhidium consists of decumbent, herbaceous subshrubs with deeply incised leaves. Vegetatively P. tetragonum differs completely from species of section Myrrhidium, and its sepals lack the typically raised, brownish to reddish veins of this section. After careful consideration of all the characters, we decided to keep P. tetragonum in section lenkinsonia. Its atypical morphological and anatomical characters are ascribed to adaptations to arid conditions . Our results, however confirm the presumed close relationship between sections lenkinsonia and Myrrhidium.
Previous studies in Pelargonium indicated a close relationship between section lenkinsonia and some species of section Ligularia (Sweet) Harv. Species like P. dolomiticum Knuth ex Eng!., P. griseum Knuth and P. tragacanthoides Burch. of section Ligularia, have extremely zygomorphic flowers, pyriform-headed glandular hairs and a basic chromosome number x = 9. They are, however, separated from section lenkinsonia by leaf characters and the folded claws of their posterior petals forming false tubes .
P. endlicherianum Fenzl and P. quercetorum Agnew, indigenous to Asia Minor, are also associated with section lenkinsonia. Their extremely zygomorphic flowers with the posterior petals much larger than the anterior ones, resemble those of section lenkinsonia. In P. quercetorum the number of petals is sometimes even reduced to two when the anterior ones are completely lacking . Both species have pyriform-headed glandular hairs, and their leaves also resemble those of section lenkinsonia. We concluded that these two species should be included in section lenkinsonia . When compared with the South African species of the section, they exhibit even more advanced floral characters such as a higher degree of zygomorphy and reduction of floral parts. This supports the view that the genus Pelargonium had a southern origin (Albers & van der Walt 1984) . Floral and leaf characters of P. boranense indicate no close relationship to section lenkinsonia.
P. boranense
